Since the first step in insulin action is binding to its receptor, the estimation of receptors in the diabetic state may be important in assessing the mechanism of insulin resistance, especially in patients with type A and type B insulin receptor defects .
Mononuclear cells have been used for insulin receptor assay in human and the method requires over 100 ml of blood for each assay. Since Gambhir et al developed a new receptor assay method using erythrocytes (Gambhir et al., 1978) , only 10 ml of blood is enough for the assay. We have partially modified their method to further decrease the amount of blood required and exmined the relationship between mononuclear cells and erythrocyte binding. With this method we measured insulin binding in non-obese adult onset diabetic patients and found that this method is simple and satis- Fig. 3 . Relationship between erythrocytes and mononuclear cell insulin bindidg. Percent binding data at 0.2 ng/ml of insulin concentration were plotted. Cell number of the binding studies was 2.4 x 109/ml for erythrocytes and 50 x 106/ml for mononuclear cells. Percent ages of monocytes were comparable in these subjects (11.3-12.2%). relationship between the two methods (r= 0.900, p>0.05). Erythrocytes seem to behave in the same manner as mononuclear cells in regard to insulin binding .
Precision of the assay
To establish the precision of this assay in erythrocytes, we have determined the coefficient of variation for percent binding at 0.2 ng/ml of the insulin concentration. The coefficient of variation for a single assay (5 duplicates) was 2.7% (mean 5.21 % , SD 0.14%). To determine the interssay coefficient of variation we performed insulin binding studies on the same patient on four separate occasions, provided the person was in the same condition for these occasions in regard to insulin binding. The interassay coefficient of variation was 4.8% (mean 5.62%, SD 0.27%).
Insulin Binding in Normal and Diabetic Subjects.
Using this nethod, we examined insulin binding in normal and adult onset nonobese subjects.
The characterization of patients is shown in Table 1 . Decreased insulin binding is seen in these patients, as shown in Fig. 4 . a. Scatchard analysis showed that this decreased insulin binding is due to a decrease in the number of insulin receptors rather than decreased affinity for insulin receptors (Fig. 4. b. ). The number of insulin receptors per cell is 60 for control and 40 for patients.
Discussion
We have reported a modified method for insulin binding studies in human erythrocytes. The major advantage of our method is the simple handling in the binding assay after incubation, i. e. simply cutting through a dibutyl phthalate layer without an aspiration step for separation of bound insulin from unbound since the microcentrifuge tubes are smaller than those used by Gambihir et al.,. Since 3 ml of blood is enough for our insulin binding study method, even a group of pediatric patients can be assessed for insulin receptors.
We have confirmed that erythrocytes can be used for the insulin binding assay instead of mononuclear cells (Fig. 3) . However, since erythrocytes do not have nuclei and are structurally simple, they may be unable to acutely regulate the number of insulin receptors in response to environmental change, snch as a change in circulating insulin concentration.
Recently, insulinreceptor complex was reported to be internalized and degraded at the lysosomes, and this is a possible mechanism in decreasing insulin receptor by hyperinsulinemia, i. e. down regulation (Gorden et al., 1978; Schlessinger et al., 1978) . Thus, the number of insulin receptors of erythrocytes may not be able to change in reponse to circulating insulin levels since these cells do not show much lysosomal activity. However, receptors on erythrocytes can show acute change in affiinity in response to fasting (Kobayashi et al., 1980) .
The results of insulin binding in normal subjects are comparable to these of Gambhir et al, (1978) . However, the receptor number of our control is significantly lower than that of his group. This discrepancy resulted from the fact that they used a higher insulin concentration in the binding assay which caused the intersection of their Scatchard plot curves with the horizontal axis to shift to the right because the curve was concave.
In our assay system where the highest concetration is 100 ng/ml, the intersection of the curve with the horizontal axis is shifted some what to the left compared to their curves, giving a smaller number of insulin receptors.
In agreement with our results, Robinson et al reported decreased number of insulin receptors in non-obese diabetic subjects (Robinson et al., 1979) . Circulating insulin levels regulate the number of insulin receptors in vivo Kobayashi and Olefsky, 1978) and decreased plasma insulin levels in streptozotocintreated diabetic rats results in an increased receptor number (Hepp et al., 1975; Kasuga et al., 1978; Kobayashi and Olefsky, 1979) . Since the patients mentioned in this report do not show signs of hyperinsulinemia, the mechanism of decrease in the insulin receptor is not known. Currently, we are investigating this important aspect by examining an early phase of diabetes.
We believe that erythrocytes insulinreceptor assay can be a useful tool in studying the mechanism of insulin resistance in the various diabetic states so long as one recognized the limitations of this assay. Furthermore, since the assay requires only a small amount of blood and is rather simple, the time sequence of an acute change in receptor affinity can be studied with it in various clinical conditions.
